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PHYSICS.—A two-stage mercury vapor pump. H. F. Srmson, 
Bureau of Standards. (Communicated by E. Buckingham. ) 


A “Condensation Pump” was described by Dr. Irving Lang- 
muir! which not only produced the highest vacuum yet obtained 
with a pump but had a speed of exhaustion (cm.*/sec.) greater 
than any previously existing high vacuum pump. The pump is 
exceedingly simple. A stream of mercury vapor from a boiler 
is sent down from a mouth or nozzle into a water jacketed 
chamber, entrains the gas coming past the nozzle, and condenses 
when striking the walls of the chamber, thus preventing flow of 
mercury vapor back to oppose the oncoming gas. This pump 
requires for its operation a primary vacuum of a few tenths of 
a millimeter of mercury pressure. 

Conditions sometimes make it necessary or desirable to use 
as a source of primary vacuum either a water aspirator or some 
mechanical pump which fails to reach a pressure low enough to 
accommodate a single stage condensation pump. Two pumps 
modified by Prof. C. A. Kraus of Clark University to essentially 
the same form as Dr. Langmuir’s later design were seen by the 
author early in September, 1916, working in series against a 
primary vacuum of 2 cm. given by a water aspirator. The 
expediency of using a water aspirator even at times when the 
vapor pressure of water is high has led to the present further 
development of the mercury vapor pump. 

1 Jour. Franklin Inst., 182: 719. 1916; Gen. Elec. Rev., 19: 1060. 1916. 
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This problem is different from Langmuir’s in requiring in the 
mercury vapor pump the maintenance of a much larger pressure 
difference by means of a continuous supply of momentum in a 
manner analogous to the maintenance of a kite in air by the 
employment of the momentum of the wind. To sustain this 
large pressure difference a second stage is desirable, for could 
such a pressure difference be sustained and high vacuum at- 
tained with one stage, either a very large current of vapor would 
be required or the pump would have to be made so small that 
its speed would be very low. A second stage, on the contrary, 
in order to pump all the gas discharged from a pump working 
on high vacuum, need have only a hundredth the speed of the 
high vacuum stage or even less. 

From dimensional reasoning it follows that whatever supports 
the pressure must have the same physical dimensions. Pres- 
sure has the dimensions of force per unit area and force has the 
dimensions of mass times velocity divided by time: 


p=f/P = mi/t?P. 


In order to make p large, I’, the cross sectional area across which 
the stream of mercury vapor acts, can be made small. It is well 
known that a gas will flow through an orifice. with a limiting 
velocity, which is the velocity of sound, if the ratio of final to 
initial pressure of the gas on the two sides of the orifice is less 
than a.certain limiting fraction. This fraction for mercury vapor 
is about 0.49 and the velocity of sound referred to is that veloc- 
ity determined by the temperature of the vapor in the orifice 
where it is adiabatically expanded to this limiting pressure. It 
appears then that mercury vapor can be expelled through an 
orifice with the velocity of sound by a boiler pressure a little 
more than twice the pressure of the supporting vacuum. When 
the boiler pressure is sufficient the velocity may be increased 
beyond the velocity of sound, as is done in the steam turbine, 
by an expanding nozzle, but such an enlargement requires an 
increased working cross section over which the pressure must be 
supported, thus limiting the advantage of the increased velocity. 
The term m/t can be increased by increasing the boiler pressure, 
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thus increasing the density of the discharged vapor. This 
dimensional reasoning will enable one to proportion properly 
the dimensions of the elements of 
a second or intermediate stage 
which will support a relatively 
large pressure. 

If both stages are to be oper- 
ated from the same boiler, as is 
extremely desirable, some change 
has to be made in the design of 
the high vacuum unit. On ac- 
count of the increased boiler pres- 
sure a constriction will be neces- 
sary to cut down the flow of 
mercury vapor to a sufficiently 
low value. This can be most ef- 
fectively accomplished by using a 
long DeLaval nozzle which will 
simultaneously introduce the ad- 
vantages of reduction of pressure 
and increase of velocity. 

These principles have been con- 
sidered in the construction of 
pumps indicated in figure 1. Sam- 
ple dimensions will be given to 
indicate working sizes, although 
the size will in most cases depend 
on the speed desired. The pump 
in question, including ‘its boiler, 
was constructed entirely of Pyrex 
glass which is well adapted to 
this use and can be rapidly manip- 
ulated. The boiler was made of 
a half liter Erlenmeyer flask with 
slightly rounded bottom. 

In the intermediate stage is a 
short slightly expanding nozzle Fig. 1. Two-stage pump. 
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G, 3 mm. long with a throat 1.8 mm. in diameter, which sends the 
mercury vapor through a tube O, 3.5 mm. diameter, across which 
is supported the pressure from a water aspirator used as a fore 
pump. Care must be taken to leave sufficient clearance around 
the end of the nozzle G, and the tube O has been slightly tapered 
leaving a clearance of 0.7 mm., which seems to be sufficient to 
prevent condensed mercury vapor from collecting to make a 
seal. It appears that the size of this unit cannot be reduced 
below a certain limit determined by the surface tension of mer- 
cury. The pressure of the vapor in the boiler and feed tubes, F, 
has been raised to as high as 20 to 25 em. of mercury, as is indi- 
cated while the pump is in action by the height of the mercury 
columns in tubes K. In the high vacuum stage a DeLaval 
nozzle, F, with a throat 0.7 mm. in diameter has been used ex- 
panding by about a ten to one taper to a diameter of 5 mm. dis- 
charging into a tube nearly a centimeter in diameter. 

The operation of the pump is as follows. Cooling water 
entering at tube A flows up through the water jacket B above 
the lower end of nozzle F, up through the water jacket C above 
nozzle G, and out tube D. Mercury vapor from the boiler 
entering through tubes # flows through the nozzles F and G, 
is liquefied in the condensation chambers H and J, falls into the 
tubes K, and returns to the boiler through tube L. Gas from a 
vessel to be exhausted enters at M, flows past nozzle F, is com- 
pressed by the jet of mercury vapor in the condensation chamber 
H, and flows up through tube N to the intermediate pump. 
From here it flows past the nozzle G and is compressed through 
O in the chamber J to a pressure measured by the attached 
manometer, then out by tube P to the water aspirator. 

Tests of the pump described above indicate a speed, when 
working against a primary pressure of 4 em., of about 250 em.’ 
per sec. when speed is defined? as 


S = V/tlog pi/pe 


where S is speed, V is volume, ¢ is time, p; and pz are initial and 
final pressures. The pump gives a limit of pressure of non- 


*Garepe. Ann. d. Physik, (5) 41: 365. 1913. 





STIMSON: MERCURY VAPOR PUMP 481 


condensable gases very much less than a ten-thousandth of a 
millimeter of mercury as was shown on a MacLeod gage, which 
was. the only low pressure measuring device available. 

On account of questions that have been raised from time to 
time, which threw doubt on the assumption that the vapor flows 
through the intermediate pump with a velocity comparable 
with the velocity of sound, verificative experiments were made. 
A temporary rubber connection with pinch cock on the lower end 
of the tube K below the intermediate pump allowed the lique- 
fied mercury to be caught and measured, thus giving the term 
m/t in the dimensional equation. The pressure difference 
supported by the pump was observed in the manometer arms K 
and the cross-section of the tube O is known. Computations of 
velocity from the dimensional equation give a value within a 
few per cent of the best available value for the velocity of sound 
under these conditions. The vapor density in the boiler is an 
independent datum and furnishes another means of computation, 
whose result indicates more conclusively that the assumptions 
of flow are verified as nearly as could be expected from the pres- 
ent incomplete knowledge of the properties of mercury vapor. 

Some of the advantages of a pump of this design are apparent, 
namely, that it has a single boiler run by a single gas burner, a 
single line of cooling water, and is effectively a single unit with a 
direct air tight connection between the high vacuum stages. It is 
also noted that several paths conveniently open for free exhaus- 
tion with a fore pump are closed as soon as the mercury vapor 
pump is started. The advantage of not requiring a primary 
pressure less than 4 cm. is also apparent. 

This type of pump could be employed in nearly all places where 
high vacuum is necessary. If mercury is objectionable either on 
account of its vapor pressure or its being an undesirable element 
in the region to be evacuated, the apparatus can be protected 
by a liquid air trap or possibly a gold foil trap. The speed of 
the pump when working on high vacuum can be increased by 
increasing the dimensions of the high vacwum unit. However, 
high speed, as has often been pointed out, is sometimes illusive, 
for a connecting tube 1 cm. in diameter and 0.5 meter long is 
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sufficient to cut the effective speed, of even as small a pump as 
the one described above, down to half, while a pump capable of 
infinite speed working through such a connection could only. do 
as well as could the pump described above without such connect- 
ing tube. 

When the time of initially reaching a sufficiently low pressure 
for the high vacuum pump to be effective becomes of importance 
the fore pumps can be made faster; however, this element is not 
often of so much consequence, for even a small water aspirator, 
working properly, in conjunction with the intermediate pump, 
will, in about five minutes, pump a volume of one liter down to 
a pressure sufficiently low for the high vacuum pump to begin 
effective operation and will pump larger volumes in proportion- 
ately longer times. 


PHYSICS.—Probe-wire ‘measurements of anode fall of potential. 
Joun T. Tate and Paut D. Foors, Bureau of Standards. 


In connection with some work which the writers have in 
progress it was necessary to observe the amount of energy 
dissipated at the anode in a Wehnelt discharge tube. For 
this purpose a probe wire, or sound, was inserted in the anode 
glow and measurements were made upon the current flowing and 
upon the potential drop between the anode and sound. 

In discharge tubes of this type it is easily possible to secure 
currents of several amperes with an anode fall of twenty volts 
or less. If the probe-wire circuit may be considered as obeying 
the ordinary laws of metallic circuits, it might at first appear 
that the resistance between the probe and the anode is small 
enough to permit accurate potential measurements by use of a 
high-resistance voltmeter instead of an electrometer. It was 
found, however, that the voltmeter readings were quite different 
from the electrometer readings. 

Two explanations of this fact may be offered. That the 
probe wire on open circuit actually takes up the potential of 
the space surrounding it has been fairly well established. ‘ On 
closed circuit the probe either takes up the potential of the 

1SxrnNER. Phys. Rev., 9: 97. 1917. 
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surrounding space or it does not. If we first assume that the 
probe wire, with a small current flowing through it, does acquire 
the potential of the surrounding space, or anode glow, then the 
power supplied to the anode by the main discharge current may 
be obtained by using the voltmeter reading. The voltmeter 
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Fig. 1. Diagram of connections 


readings are much smaller than the electrometer readings. 
Hence on the above assumption less power is developed at the 
anode while the voltmeter is connected. Since the potentials 
of the anode and cathode are fixed in the present experiment, 
the potential of the probe wire and anode glow must rise dur- 
ing the time the voltmeter is connected. The potential dif- 
ference between the probe and cathode increases and, the main 
discharge current remaining constant, the difference in power 
developed at the anode in the two cases of electrometer and 
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voltmeter measurements must appear somewhere between the 
probe and the cathode. ~ 
The second assumption which may be made, and which the 
writers believe they have proved to'be the correct explanation, 
is that the probe wire carrying a current does not take up the 
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Fig. 2. Relation between the surface resistance and the current 
potential of the space surrounding it. This would be the case 
if the probe were surrounded by a high-resistance film. Such 
films are known to exist? at the cathode, but the writers are not 
aware of measurements showing the presence of films at the 
anode. Any surface resistance of the probe must be due to its 
functioning as a secondary anode since the probe acts as a 
cathode through a metallic circuit alone. 

In order to show the existence of a surface film at the probe, 
the apparatus was arranged as illustrated by figure 1. 

The true anode drop was measured by using a potentiometric 
method, suggested by Dr. Swann, by adjusting the slide wire c 
for zero current in the galvanometer G and observing the read- 


2SKINNER. Loc. cit. 
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ing of the voltmeter V. In the voltmeter method the relation 
was obtained between the variable resistance R, and the volt- 
meter reading. If a film of resistance R, exists at the probe the 
relation between the observed voltmeter reading V’ and the 
voltage drop on open circuit, V, is as follows: 


vey +h + F 
R, 
From this equation Rp», the film resistance, is readily obtained. 

The values observed are plotted in figure 2. It appears 
that the film resistance decreases with increasing current 
through the probe for the range of currents used. Since the 
probe acts as an anode during voltmeter readings evidence has 
been obtained for the existence of an anode polarization similar 
to the polarization at the cathode in a highly ionized gas, as 
observed by Skinner. The present experiment would not 
distinguish between a true polarization and a secondary anode 
fall at the probe. This latter might be developed by the volt- 
meter current and, although the current is very small, might 
amount to several volts since, as is well known, the ordinary 
anode fall is pronounced even for minute currents. However, 
as Skinner has remarked, it is scarcely conceivable that a poten- 
tial gradient could exist in a highly ionized space. The con- 
ditions relating to the true anode and the secondary anode, or 
probe, are not similar, since the ionization in the space surround- 
ing the probe must be due almost entirely to the main current. 

The proof that the first explanation of the difference in volt- 
meter and electrometer or potentiometer readings can not be 
correct may be had in the following experiment. 

The temperature of the anode is a,measure of the power 
expended in it. The anode was made in the form of a crucible 
and filled with tin—a very nonvolatile metal. The temper- 
ature of the molten tin was measured by a minute rare-metal 
thermocouple. A series of measurements showed that the tem- 
perature of the anode (and hence the power dissipated there) 
remained the same whether the voltmeter or potentiometer was 
connected to the probe, although the power measurements by 
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the voltmeter were 20 per cent less than those by the potenti- 
ometer. If the voltmeter readings were a correct indication of 
the potential of the probe, it would require that 20 per cent of 
the total energy be expended between the probe and cathode 
and radiated back to the crucible. Even if we make the most 
favorable assumption that all of this energy is expended at the 
probe, since the crucible subtends a solid angle of 27 at the 
probe while the radiation from the probe must take place 
through 47, it is evident that only half of this energy, or 10 per 
cent of the total energy, could reach the anode, still leaving 
10 per cent to be accounted for. This amount of energy was 
several times greater than possible errors of observation. 
Furthermore, the bright tin surface possesses such a high re- 
flection coefficient that undoubtedly very little energy could be 
absorbed were it present in the form of radiation. Still further, 
one would have to explain how a probe carrying a thousandth 
or less of the main current could produce a potential fall for 
the entire current in a space already completely ionized. 

Conclusion. A film of high resistance forms at the surface 
of a probe placed in the anode glow. If a voltmeter is employed 
for the measurement of anode fall, the readings must be cor- 
rected to allow for the potential drop through this high-resis- 
tance film. Such a correction would be impracticable on ac- 
count of the varying nature of the film. 

Since the probe functions as an anode during voltmeter read- 
ings, evidence has been obtained for the existence of an anode 
polarization similar to the polarization at the cathode in a 
highly ionized gas, as observed by Skinner. The magnitude of 
the anode polarization is very much less than the cathode polar- 
ization. This explaing the fact observed by Skinner that in 
an auxiliary transverse discharge through the cathode glow the 
resistance and the current potential curves are characteristic 
of the auxiliary cathode employed. 
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RADIOTELEGRAPHY.—Notes on the audion. L. W. Austin, 
U. 8. Naval Radiotelegraphic Laboratory. 


A number of observations on the deForest Hudson filament 
audion have been made at the U.S. Naval Radiotelegraphic Labo- 
ratory, which may be of general interest. 

The gas pressure used in audion detectors is generally below 
0.001 mm. of mercury. By substituting nitrogen for air, to 
prevent the burning out of the filament, it has been found 
possible to construct detectors at all pressures up to that of the 
atmosphere. The action at 3 mm. is entirely normal. Local 
oscillations are easily produced and the sensitiveness is fully as 
great, both for continuous and damped signals, as at the usual 
pressure. At 10 mm. the sensitiveness is about normal, but 
local oscillations are more difficult to produce. In the neigh- 
borhood of atmospheric pressure no local oscillations have been 
observed, and the sensitiveness to spark signals is much less 
than at the low pressures. The conditions in this case would 
undoubtedly be much improved by bringing the electrodes 
closer together. Even with the ordinary arrangement of elec- 
trodes, the changes in the grid and plate currents due to the 
incoming waves are similar to those observed in the usual vacuum. 
With 200 volts, the plate current amounts to 20 or 30 micro- 
amperes. 

Another series of observations has been made on the effect of the 
direct current voltage between the grid and filament on grid and 
plate signals. By grid and plate signals are meant the changes 
in grid and plate current brought about by an impressed alter- 
nating e.m.f. In the case of radio frequency signals a tuned 
closed circuit is connected in the usual way to the filament and 
through a stopping condenser to the grid. In this case the 
stopping condenser is shunted by a circuit containing a potenti- 
ometer for varying the D. C. grid potential and a galvanometer 
for measuring the grid current. In the case of low frequency 
excitation no tuned circuit is used but the filament is connected 
to the grid through the direct current potentiometer already 
mentioned, the galvanometer, and a slide wire alternating cur- 
rent potentiometer from which the required alternating voltage 
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is applied to the circuit. In both cases the plate circuit contains 
the usual dry cell battery of about 25 volts, the telephones, and 
a galvanometer for the measurement of the plate current. In 
the observations shown in figure 1 the gas pressure is that 
usually found in bulbs of this type. 

The figure shows the grid and plate characteristics and also 
the grid and plate signals as defined above. The alternating 
e.m.f. in this case was 0.92 volt, with a frequency of 60 cycles. 
In the neighborhood of zero D. C. grid voltage the usual de- 
crease of plate current and increase of grid current are noted, 
while with changing grid voltage the signals change both in 
magnitude and sign. These changes are apparently to be 
explained by the changes in curvature of the two characteristics. 

The same curves are obtained if undamped radio frequency 
excitation of the same strength is used in plage of the 60 cycles. 
In this case the grid galvanometer is shunted with a low non- 
inductive resistance to allow the oscillations to pass freely. 
Here the stopping condenser plays little part. If, however, a 
megohm is placed in series with the grid galvanometer so as to 
force the oscillations through the stopping condenser, the ap- 
pearance of the curves is much changed. The grid signal is 
positive and nearly uniform over a wide range of grid D. C. 
voltage, while the plate signal is similarly negative except for 
strongly negative grid where both signals reverse slightly. 
Apparently here some other effects appear in addition to those 
due to the changes in grid and plate characteristics. 

This work is still in progress and will be described later at 
greater length. 
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Flask tests on conifers. Mycologia, 8: 80-92, pl. 183. April 11, 1916. 

Spauupina, P. Foresters have a vital interest in the white-pine blister rust. Proc. 
Soc. Amer. Foresters, 11: 40-47. January, 1916. 

Spavipinea, P., and Harriey, C. Safety first in tree planting. Amer. Forest., 
22: 665-669. November, 1916.  [Illust.] 

Supworrn, G. B. The spruce and balsam fir trees of the Rocky Mountain region. 
U. S. Dept. Agr. Bull. 327: 1-43, pls. 1-25 + maps1-10. February 19, 1916. 

Youna, R. A., and Poprnon, P. Saving the kokio tree. Journ. Heredity, 7: 
24-28, figs. 6, 7. December 29, 1915. 


PHYTOPATHOLOGY 


Auuarp, H. A. The mosaic disease of tomatoes and petunias. Phytopathology, 
6: 328-335, figs. 1-2. September 12, 1916. 

AuiarpD, H. A. A specific mosaic disease in Nicotiana viscosum distinct from 
the mosaic disease of tobacco. Journ. Agr. Research, 7: 481-486, pls. 35, 36. 
December 11, 1916. 

Bro.etti, F. T., and Bonnet, L. Little-leaf of the vine. Journ. Agr. Research, 
8: 381-398, pls. 89-92, figs. 1-2. March 6, 1917. 

Boyce, J. 8S. A note on Cronartium pyriforme. Phytopathology, 6: 202, 203. 
April 4, 1916. 

Boyce, J. 8. Pyenia of Cronartium pyriforme. Phytopathology, 6: 446, 447. 
December, 1916. 

Brown, H. B. Life history and poisonous properties of Claviceps Paspali. 
Journ. Agr. Research, 7: 401-406, pl. 32, figs. 1, 2. November 27, 1916. 
Byars, L. P. Tylenchus tritica on wheat. Phytopathology, 7: 56, 57. Febru- 

ary 7, 1917. ~ 

Carpenter, C. W. The Rio Grande lettuce disease. Phytopathology, 6: 303- 
305, fig. 1. June 1916. 

Cottey, R. H. Discovery of internal telia produced by species of Cronartium. 
Journ, Agr. Research, 8: 329-332, pl. 88. February 26, 1917. 

CromweELL, R. O. Fusarium-blight or wilt disease of the soybean. Journ. Agr. 
Research, 8: 421-440, pl. 95, fig. 1. March 12, 1917. 





REFERENCES: PHYTOPATHOLOGY 493 


CuuperPer, C. W., Foster, A. C., and Catpwe.i, J. S. Some effects of the 
blackrot fungus, Sphaeropsis malorum, upon the chemical composition of the 
apple. Journ. Agr. Research, 7: 17-40. October 2, 1916. 

Epson, H. A. Histological relations of sugar-beet seedlings and Phoma betae. 
Journ. Agr. Research, 5: 55-58, pls. 1-2. October 4, 1915. 

FAULWETTER, R. C. Dissemination of the angular leafspot of cotton. Journ. 
Agr. Research, 8: 457-475, figs. 1, 2. March 19, 1917. 

GiLtBerT, W. W. Cucumber mosaic disease. Phytopathology, 6: 143, 144, pl. 5. 
April 4, 1916. 

Harter, L. L. Rhizoctonia and Sclerotium rolfsii on sweet potatoes. Phyto- 
pathology, 6: 305, 306. June, 1916. 

Harter, L. L. Storage-rots of economic aroids. Journ. Agr. Research, 6: 549- 
572, pls. 81-83, fig. 1. July 10, 1916. 

Harter, L. L. Sweet-potato diseases. U. 8S. Dept. Agr. Farmers’ Bull. 714: 
1-26, figs. 1-21. March 11, 1916. 

Harter, L. L. Sweet-potato scurf. Journ. Agr. Research, 5: 787-792, pls. 57, 
58. January 24, 1916. 

Hawkins, L. A. The disease of potatoes known as “‘leak.’’ Journ. Agr. Research, 
6: 627-640, pl. 90, fig. 1. July 24, 1916. 

Hawkins, L. A. Effect of certain species of Fusarium on the composition of the 
potato tuber. Journ. Agr. Research, 6: 183-196. May 1, 1916. 

Hepecock, G. G. Identity of Peridermium montanum with Peridermium acic- 
olum. Phytopathology, 6: 64-67. February 9, 1916. 

Hepccock, G. G., and Hunt, N. R. Dothichiza populae in the United States. 
Mycologia, 8: 300-308, pls. 194, 195. November 3, 1916. ; 
Jackson, H. 8S. An Asiatic species of Gymnosporangium established in Oregon. 

Journ. Agr. Research, 5: 1003-1010, pls. 78, 79. February 28, 1916. 

Jounson, J. Host plants of Thielavia vasicola. Journ. Agr. Research, 7: 289- 
300, pls. 18, 19. November 6, 1916. 

KELLERMAN, K. F. Cooperation in the investigation and control of plant dis- 
eases. Mem. N. Y. Bot. Gard., 6: 517. August 31, 1916. 

KunkKEL, L. O. Further studies of the orange rusts of Rubus in the United States. 
Bull. Torrey Club, 43: 559-569, figs. 1-5. November 27, 1916. 

Lone, W. H. The aecial stage of Coleosporiumribicola. Mycologia, 8: 309-311. 
November 3, 1916. 

McKeg, R. Alfalfa crown wart in the western United States. Journ. Amer. 
Soc. Agron., 8: 244-246. August 1, 1916. 

Meter, F. C. Watermelon stem-end rot. Journ. Agr. Research, 6: 149-152, 
pl. 17. April 24, 1916. 

MeIneEckKE, E. P. Peridermium harknessii and Cronartium Quercuum. Phy- 
topathology, 6: 225-240, figs. 1, 2. June 1916. 

Metuus, I. E., Rosenspaum, J., and Scuuttrz, E. 8. Studies of Spongospora 
subterranea and Phoma tuberosa of the Irish potato. Journ. Agr. Research, 
7: 213-254, pl. A, 7-14, fig. 1. October 30, 1916. 

Metcaur, H. Spread of the chestnut blight in Pennsylvania. Phytopathology, 
6: 302. June 1916. 

Morsg, W. J. Studies upon the blackleg disease of the potato, with special reference 
to the relationship of the causal organisms. Journ. Agr. Research, 8: 79-126. 
January 15, 1917. 
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Parrerson, F. W., and Coarues, V.K. The occurrence of bamboo smut in Ameri- 
ca. Phytopathology, 6: 351-356, fig. 1. September 12, 1916. 

Pierce, R. G. Albany conference on white-pine blister rust. Phytopathology, 
7: 54, 55. February 7, 1917. 

Pierce, R. G. Pinus resinosa, a new host for Peridermium acicolum. Phyto- 
pathology, 6: 302, 303. June, 1916. 

Pierce, R. G., and Hartiey, C. Horse-chestnut anthracnose. Phytopathology, 
6:93. February 9, 1916. 

Poot, V. W., and McKay, M. B. Climatic conditions as related to Cercospora 
beticola. Journ. Agr. Research, 6: 21-50, pls. 3, 4, figs. 1-10. April 3, 1916. 

Poot, V. W., and McKay, M. B. Relation of stomatal movement to infection by 
Cercospora beticola. Journ. Agr. Research, 5: 1011-1038, pls. 30, 31, figs. 
1-6. February 28, 1916. 

Pratt, O. A. A western fieldrot of the Irish potato tuber caused by Fusarium 
radicicola. Journ. Agr. Research, 6: 297-310, pls. 34-37. May 29, 1916. 
Ranpv, F. V. Leafspot-rot of pond lilies caused by Helicosporium nymphaearum. 

Journ. Agr. Research, 8: 219-232, pls. 67-70. February 5, 1917. 

Ranp, F. V., and Entows, E.M.A. Transmission and control of bacterial wilt 
of cucurbits. Journ. Agr. Research, 6: 417-434, pls. 53, 54, figs. 1-3. June 
12, 1916. 

Roserts, J. W. Sources of the early infections of apple bitterrot. Journ. Agr. 
Research, 4: 59-64, pl. 7. April 15, 1915. 

Rosen, H. R. The development of Phylloxera vestatrix leaf gall. Amer. Journ. 
Bot., 3: 337-360, pls. 14, 15, figs. 1-5. August, 1916. 

Rosen, H. R. A known species of smut on a new host. Mycologia, 8: 225, 226. 
July 15, 1916. 

Suear, C. L., and Srevens, N. E. The discovery of the chestnut-blight parasite 
(Endothia parasitica) and other chestnut fungi in Japan. Science, II. 
43: 173-176. February 4, 1916. 

Suear, C. L., Stevens, N. E., and Trtuer, R. J. Endothia parasitica and re- 
lated species. U.S. Dept. Agr. Bull. 380: 1-82, pls. 1-23, figs. 1-5. January 
15, 1917. 

Smitu, E. F. Banana diseases in Cuba. Hawaiian Forest. Agr. Month. Mag., 
8: 33-35. January, 1911. 

Situ, E.F. Crown gall studies showing changes in plant structure due to achanged 
stimulus. Journ. Agr. Research, 6: 179-182, pls. 18-23. April 24, 1916. 
Smrru, E. F. Further evidence as to the relation between crown gall and cancer. 

Proc. Nat. Acad. Sci., 2: 444-448. August, 1916. 

Smitu, E. F. Further evidence that crown gall of plants is cancer. Science, II. 
43: 871-889. June 23, 1916. : 

Smiru, E. F. Mechanism of tumor growth in crown gall. Journ. Agr. Research, 
8: 165-188, pls. 4-65. January 29, 1917. 

Smitu, E. F. Studies on the crown gall of plants; its relation to human cancer. 
Journ. Cancer Research, 1: 231-309, pls. 1-25. April, 1916. 

Smitu, E. F. Tumors in plants. Science, II. 44: 611, 612. October 27, 1916. 

Spautpina, P. The blister rust disease of white pine. Amer. Forest., 22: 97, 
98, figs. A-D. February, 1916. 

Spautpina, P. Notes on Cronartium comptoniae—IJZ. Phytopathology, 17: 
49-51. February 7, 1917. 
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SpauLpInG, P. The white-pine blister rust. U.S. Dept. Agr. Farmers’ Bull. 
742: 1-15, pls. 1, figs. 1-4. June 9, 1916. 

SpavuLpina, P., Detrwiter, S. B., Perris, C. R., and Metcatr, H. The white- 
pine blister disease. Amer. Forest., 23: 67-74. February, 1917. [Illust.] 

Speare, A. T. Sorosporella uvella and its occurrence in cutworms in America. 
Journ. Agr. Research, 8: 189-194, pl. 66, fig. 1. February 5, 1917. 

Stranpiey, P.C. Fungi of New Mexico. Mycologia, 8: 142-177. May 23, 1916. 

Stevens, N. E. The influence of certain climatic factors on the development of 
Endothia parasitica (Murr.) And. Amer. Journ. Bot., 4: 1-32, figs. 1-3. 
February 3, 1917. 

Stevens, N.E. The influence of temperature on the growth of Endothia parasitica. 
Amer. Journ. Bot., 4: 112-118, fig. 1. February 17, 1917. 

Stevens, N. E. Pathological histology of strawberries affected by species of 
Botrytis and Rhizopus. Journ. Agr. Research, 6: 361-366, pls. 49, 50. June 
5, 1916. 

TauBENHAUS, J. J. Soil stain, or scurf of the sweet potato. Journ. Agr. Re- 
search, 5: 995-1002, pls. 76-77. February 21, 1916. 

Tuom, C., and Ayers, 8S. H. Effect of pasteurization on mold spores. Journ. 
Agr. Research, 6: 153-166, figs. 1-3. April 24, 1916. 

Tuo, C., and Currin, J.N. Aspergillus niger group. Journ. Agr. Research, 
7: 1-15. October 2, 1916. 

Werr, J.R. Hypoderma deformans, an undescribed needlefungus of the western 
yellow pine. Journ. Agr. Research., 6: 277-288, pl. 32, figs. 1-4. May 22, 
1916. 

Werr, J. R. Keithia thujina, the cause of a serious leaf disease of the western 
red cedar. Phytopathology, 6: 360-363, figs. 1, 2. September 12, 1916. 
Weir, J. R. Phacidium infestans on western conifers. Phytopathology, 6: 413, 

414. October, 1916. 

Werr, J. R. Pinus ponderosa and P. jeffreyi, hosts for Razoumofskya americana. 
Phytopathology, 6: 414. October, 1916. 

Weir, J. R., and Huppert, E. E. Inoculation experiments with Peridermium 
montanum. Phytopathology, 6: 68-70. February, 1916. 

Weir, J. R., and Husert, E. E. A serious disease in forest nurseries caused by 
Peridermium filamentosum. Journ. Agr. Research, 5: 781-785. January 
24, 1916. 

Weir, J. R., and Hupert, E. E. A successful inoculation of Abies lasiocarpa 
with Pucciniastrum pustulatum. Phytopathology, 6: 373. September 12, 
1916. 

Weir, J. R., and Husert,'E. E. Successful inoculations of Larix occidentalis 
and Larix europea with Melamspora bigelowii. Phytopathology, 6: 372, 
373, September 12, 1916. 

Wotr, F. A. Citrus canker. Journ. Agr. Research, 6: 69-100, pls. 8-11, figs. 1-8. 
April 10, 1916. 

Wor, F. A. Further studies on peanut leafspot. Journ. Agr. Research, 5: 891- 
902. February 7, 1916. 

Wotr, F. A. A squash disease caused by Choanephora cucurbitarum. Journ. 
Agr. Research, 8: 319-328, pls. 85-87. February 26, 1917. 
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PLANT PHYSIOLOGY 


AuuarD, H. A. Effect of environmental conditions upon the number of leaves and 
the character of the inflorescence of tobacco plants. Amer. Journ. Bot., 3: 
493-501, pls. 20-23. December 23, 1916. 

Briaos, L. J., and Scuanrz, H. L. Daily transpiration during the normal 
growth period and its correlation with the weather. Journ. Agr. Research, 7: 
155-212, pls. 5, 6, figs. 1-18. October 23, 1916. 

Briaas, L. J., and Scnantz, H. L. Influence of hybridization and cross-pollina- 
tion on the water requirement of plants. Journ. Agr. Research, 4: 391—402, 
pl. 58, fig. 1. August 16, 1915. 

Brooks, C., and Cootey, J.S. Temperature relations of apple-rot fungi. Journ. 
Agr. Research, 8: 139-164, pls. 1-3, figs. 1-25. January 22, 1917. 

Buruison, W. L. Availability of mineral phosphates for plant nutrition. Journ. 
Agr. Research, 6: 485-514, pls. 73-80. June 26, 1916. 

Cuiarke, F. W., and Wueeter, W. C. The inorganic constituents of marine 
invertebrates. U.S. Geol. Sury. Prof. Paper 102: 1-56. 1917. 

Ciements, F.C. Plant succession. An analysis of the development of vegetation. 
Carnegie Inst. Publ. 242: i-xiii + 1-512, pls. 1-61, figs. 1-51. August 28, 1916. 

Cook, F. C. Boron: its absorption and distribution in plants and its effects on 
growth. Journ. Agr. Research, 5: 877-890. February 7, 1916. 

Frep, E. B. Relation oj carbon bisulphide to soil organisms and plant growth. 
Journ. Agr. Research, 6: 1-20, pls. 1-2. April 3, 1916. 

Gitz, P. L., and Carrero, J.O. Assimilation of iron by rice from certain nutri- 
ent solutions. Journ. Agr. Research, 7: 503-528. December 18, 1916. 

Gite P. L., and Carrero, J.O. Immobility of iron in the plant. Journ. Agr. 
Research, 7: 83-87. October 9, 1916. 

Harris, J. A., and Popenor, W. Freezing-point lowering of the leaf sap of the 
horticultural types of Persea americana. Journ. Agr. Research, 7: 261-268. 
November 6, 1916. 

Hawkins, L. A. Growth of parasitic fungi in concentrated solutions. Journ. 
Agr. Research, 7: 255-260. October 30, 1916. 

Hawkins, L. A. The influence of calcium, magnesium, and potassium nitrates 
upon the toxicity of certain heavy metals toward fungus spores. Physiol. 
Researches, 1: 57-92, figs. 1-6. August, 1913. 

Heaptey, F. B., Curtis, E. W., and Scorretp, C. 8. Effect on plant growth of 
sodium salts in the soil. Journ. Agr. Research, 6: 857-869, figs. 1-8. August, 
28, 1916. 

Lams, A. R. The relative influence of microorganisms and plant enzymes on the 
fermentation of corn silage. Journ. Agr. Research, 8: 361-380, figs. 1-13. 
March 6, 1917. 

Laturop, E. C. The generation of aldehydes by Fusarium cubense. Phyto- 
pathology, 7: 14-15. February 7, 1917. 

Lipman, C. B., Burasss, P. S., and Kuetn, M. A. Comparison of the nitrifying 
powers of some humid and some arid soils. Journ. Agr. Research, 7: 47-82. 
October 9, 1916. 

Macsripe, J. F. Vegetative succession under irrigation. Journ. Agr. Research, 

6: 741-760, pls. 98-105. August 7, 1916. 
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Marrin, W. H. Influence of Bordeaux mixture on the rates of transpiration from 
abscised leaves and from potted plants. Journ. Agr. Research, 7: 529-548. 
December 18, 1916. 

Miturer, E. C. Comparative study of the root systems and leaf areas of corn and 
the sorghums. Journ. Agr. Research, 6: 311-332, pls. 38-44, figs. 1-3. May 
29, 1916. 

Stevens, N. E. A method for studying the humidity relations of fungi in culture. 
Phytopathology, 6: 428-432. December, 1916. 

Stevens, N. E. Recovery of a tree from a lightning stroke. Phytopathology, 6: 
204-206. April 4, 1916. 

True, R. H., and Bartitert, H. H. The exchange of ions between the roots of 
Lupinus albus and culture solutions containing three nutrient salts. Amer. 
Journ. Bot., 3: 47-57, figs. 1-3. March 4, 1916. 

True, R. H., and Stocksercrer, W. W. Physiological observations on alkaloids, 
latex, and oxidases in Papaver somniferum. Amer. Journ. Bot., 3: 1-11. 
February*5, 1916. 

Wyarr, F. A. Influence of calcium and magnesium compounds on plant growth. 
Journ. Agr. Research, 6: 589-620, pls. 84-88. July 17, 1916. 


GENETICS 


BartLeTtT, H. H. The status of the mutation theory, with especial reference to 
Oenothera. Amer. Nat., 61: 513-529. September, 1916. 

Couuns, G. N. Correlated characters in maize breeding. Journ. Agr. Research, 
6: 435-454, pls. 53-63. June 19, 1916. 

Couns, G. N., and Kempton, J. H. Parthenogenesis. Journ. Heredity, 7: 
106-118, figs. 2-9. March, 1916. 

Kempton, J. H. Lobed leaves in maize. Journ. Heredity, 7: 508-510, fig. 11. 
November, 1916. 

Lams, W. H. Hybrid trees. Journ. Heredity, 7: 311-319, figs. 12-15. June 26, 
1916. 

La Rus, C. D., and Bartiettr,H.H. Matroclinic inheritance in mutation crosses 
of Oenothera Reynoldsii. Amer. Journ. Bot., 4: 119-144, figs. 1-4. March, 
1917. 

Suameu, A. D. Bud variation. Journ. Heredity, 7: 82-87, fig. 8. January 25, 
1916. 


ORNITHOLOGY 


——. Opinions rendered by the International Commission on Zoological Nomen- 
clature. Opinion 67. Smith. Inst. Publ. 2419: 177-182. April, 1916. (One 
hundred and two generic names of birds are added to the official list of 
generic names.—C. W. R.) 

Baitey, F. M. Characteristic birds of the Dakota prairies. I. In the grassland. 
Condor, 17: 173-179. October 10, 1915. 

Battey, F. M. Characteristic birds of the Dakota prairies. II. Along the lake 
borders. Condor, 17: 222-226. November 30, 1915. 

BarLey, F. M. Characteristic birds of the Dakota prairies. III. Among the 

sloughs and marshes. Condor, 18: 14-21. January 15, 1916. 
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Baitey, F. M. Characteristic birds of the Dakota prairies. IV. On the lakes. 
Condor, 18: 54-58. March 30, 1916. 

Baitey, F. M. A populous shore. Condor, 18: 100-110. June 8, 1916. (Ac- 
count of water birds observed near Venice, California.—C. W. R.) 

Bartey, F. M. A Brewer blackbird roost in redlands. Wilson Bull., 28: 51-58. 
June, 1916. 

Battey, F. M. A home in the forest. Bird-Lore, 18: 229-233. July-August, 
1916. (Account of the nesting of the Sierra creeper in Oregon.—C. W. R.) 

BaiLtey, F.M. Meeting spring half way. I. Condor, 18: 151-155. July 20, 1916. 

Baitey, F. M. Meeting spring half way. II. Condor, 18: 183-190. September 
18, 1916. 

Baitey, F. M. Black-headed grosbeaks eating butter. Condor, 18: 201. Sep- 
tember 18, 1916. . 

Battery, F. M. Screech owl Johnnie. Bird-Lore, 18: 306-310. September—Octo- 
ber, 1916. 

Baitey, F. M. Dick, the sandhill crane. Bird-Lore, 18: 355-35@ November- 
December, 1916. 

Barney, F. M. Meetirg spring half way. IIIT. Condor, 18: 214-219. November 
29,1916. (Observations on the birds of Texas.—C. W. R.) 

BatLey, F. M. Birds of the humid coast. Condor, 19: 8-13. January 15, 1917; 
19: 46-54. March 15, 1917; 19: 95-101, June 1, 1917. (Observations made 
in northwestern Oregon.—C. W. R.) 

Baitey, F. M. Handbook of birds of the western United States. Seventh edition, 
revised. Houghton and Mifflin, Boston and New York, 1917. 8°. 

Banos, O. Three new subspecies of birds from eastern Mexico and Yucatan. 
Proc. Biol. Soc. Wash., 28: 125, 126. May 17, 1915. (Describes Tityra semi- 
fasciata deses, Turdus migratorius phillipsi, and Cyanocompsa parellina 
beneplacita.—C. W. R.) 


Bartscu, P. Birds observed on the Florida Keys from April 20 to 30, 1914. Car- 
negie Instit. Wash., Year Book No. 13, 1915: 192-196. 
Bartscu, P. Birds observed on the Florida Keys and along the railroad of the main- 


land from Key Largo to Miami, June 17 to July 1, 1916. Carnegie Inst. Wash.., 
Year Book No. 14, 1916: 197-199. 

Bartscu, P. Birds observed in 1916, in the region of Miami and the Florida Keys 
from May 16 to June 4 and along the railroad from Key West to Miami on June 
24. Carnegie Inst. Wash., Year Book No. 15, 1917: 182-188. 

Bartscu, P. Relationship of the Florida herons. Auk, 34:86. January, 1917. 

Bartscu, P. Destruction of passenger pigeons in Arkansas. Auk, 34:87. Janu- 
ary, 1917. (Letter from a correspondent, reporting destruction of pigeons 
by fire, about the year 1879.—C. W. R.) 

Bartscu, P. Additions to the Haitian avifauna. Proc. Biol. Soc. Wash., 30: 
131, 182. July 27, 1917. (Describes Porzana flaviventris hendersoni and 
revives Dendroica petechia albicollis; eleven other forms are listed as probably 
new to Haiti.—C. W. R.) 

Brat, F. E. L. Some common birds useful to the farmer. U. 8. Dept. Agr., 
Farmers’ Bulletin No. 630. Pp. 1-27, figs. 1-23. February 13, 1915. 

Breau, F. E. L., McArer, W. L., and Katmpacu, E. R. Common birds of south- 
eastern United Slates in relation to agriculture. U.S. Dept. Agr., Farmers’ 
Bulletin No. 755. Pp. 1-39, figs. 1-20. October 26, 1916. 
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Cooke, W. W. The yellow-billed loon: a problem in migration. Condor, 17: 
213, 214. November 30, 1915. 

Cooke, W. W. The type locality of Brachyramphus craverii. Auk, 33: 80. 
January, 1916. (Isla Raza, in Gulf of California, is shown to be the type 
locality of this species.—C. W. R.) 

Cooker, W. W. The migration of North American birds. Bird-Lore, 18: 14-16. 
January-February, 1916; 18:97, March-April, 1916. 

Cooke, W. W. Labrador bird notes. Auk., 33: 162-167. April, 1916. (Notes 
on forty-seven species.—C. W. R.) 

Cooxr, W. W. The type locality of Uria t. troille. Auk, 33: 196. April, 1916. 
(Sweden, not Spitzbergen, is the type locality of this species.—C. W. R.) 

Cooxr, W. W. The scissor-tailed flycatcher in New Mexico. Auk, 33: 324, 325. 
July, 1916. 

Cookr, W. W. Second annual report of bird counts in the United States, with 
discussion of results. U. 8S. Dep. Agr., Bull. No. 396. Pp. 1-20, fig. 1. 
October 23, 1916. [Posthumous.] 

GaprieEtson, I. N. A criticism of two recent lists of Iowa birds. Wilson Bull., 
29: 97-100. June, 1917. 

Grosvenor, G. H. The world’s record for density of bird population. Bird- 
Lore, 18: 77-84, 10 figs. 1916. (Fifty-nine pairs, twelve species, nesting on 
one acre.—C. W. R.) 

Hanna, G. D. Records of birds new to the Pribiiof Islands including two new to 
North America. Auk, 33: 400-403. October, 1916. (Thirteen species are 
added to the avifauna of the Pribilofs, of which Clangula c. clangula and 
Fringilla montifringilla are also new to America.—C. W. R.) 

Hensuaw, H. W. Friends of our forests. Nat. Geog. Mag., 31: 297-321, 32 pls. 
(A synopsis of the warblers of North America, with colored illustrations of 
the species.—C. W. R.) 

Hersey, F. 8S. A list of the birds observed in Alaska’ and northeastern Siberia 
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